Dried varnish is rich in many ester moieties, which may be broken down into small, soluble compounds by esterase activity or alkaline hydrolysis. Two methods for varnish removal have been developed, including the treatment of either lipase or RbOH PEG-400 crown ether which allow aged oil varnishes or paint coverings to be removed or thinned. These techniques are designed to proceed in a controlled manner without damaging lower paint or base layers. Unfortunately, lipase did not react with the aged ester groups of dried linseed oil varnish. Surprisingly, the varnish came off in the presence of Tris buffer alone which, in addition, formed reactive metal complexes. A better choice was the use of high Mr alkali ion polyethylene glycol-400 (PEG-400) crown ether type chelates. PEG-400 complexes alkali ions including rubidium and other alkaliions impeding the diffusion of their basic counter ions into lower varnish or paint layers. Possible migration of alkali metal ions into the paint layer during alkaline varnish removal was determined by labelling the cleansing solutions with 86Rb. Fortunately, varnish is degraded on the surface only. Lower paint or varnish layers are not attacked even if chemically similar to the varnish or over painting to be removed as virtually no 86Rb was detected on the paint surface.
INTRODUCTION
Varnish is the final, sealing layer of a painting, imparting depth, luminance, gloss or matte while protecting it from mechanical as well as atmospheric influences.
carbonate) or lead oxides were traditionally used, modern dryers contain lead, manganese or cobalt oleates or resinates.
The discovery of distillation in the late Middle Ages led to the application of turpentine oil and as resin solvents resulting in improved varnishes. These resin essence varnishes dry faster and are considerably lighter than oil varnishes-very likely the reason they have largely replaced oil varnishes in modern painting. There is a chemical relationship between aged linseed and resinous varnishes in that they represent in part or full a polyester type structure.
While resin essence varnishes are usually easily removable with organic solvents, aged oil varnishes are resistant to these solvents. Varnishes always cover paint layers, which are, of their nature, susceptible to solvents. Selective removal of varnish becomes almost impossible if the paint binder is of similar or greater solubility than the covering varnish. A similar situation occurs when trying to remove over-paintings of oil paints, if the over-painting was applied directly onto the original layer. The chemistry of aged oil paint and varnishes, as well as the gentle removal thereof, are accordingly of special interest in the conservation of our cultural heritage of paint; current technology cannot solve this problem chemically.
A promising new technique for the cleaning of painting surfaces was introduced employing lipase. The lipase based removal of aged oil varnishes was claimed to be both gentle and protective/2,3/. Alternatively, a new concept in alkaline varnish removal was developed taking into account the reactivity of strong bases and larger counter cations. The large relative molecular mass solvent PEG-400 was expected to form complexes with alkaline ions as macromolecular crown ethers impeding the diffusion of their basic counter ions into lower varnish or paint layers. These two biochemical approaches employing enzymic and bioinorganic methods in the cleaning of paint surfaces will be comprehensively dealt with. All other reagents including rubidium hydroxide were of the highest purity available and obtained from Sigma-Aldrich, Steinheim Germany.
Buffer gel and enzymic cleaner
300 mg hydroxymethylpropylcellulose were allowed to swell in 20 ml water for one hour. A stiff gel was obtained after stirring. The gel was mixed with 10 ml 0.1 M Tris buffer (adjusted with HCI to pH 8.4 or pH 7.7) and 0.02 ml Triton X-100.
The enzyme gel was prepared by dissolving 10 mg (-8600 u/ml) lipase VII (E.C. 3.1.1.3 from Candida cylindracea, Sigma L-1754) in the buffer gel.
Gel chromatography
Gel chromatography of RbOH-PEG-400 complex was carried out using Bio-Gel P-2 (100-200 mesh) from Bio-Rad Laboratories, Richmond, California. 10 ml of a mixture of mol/! RbOH and a 28 fold excess of PEG-400 were passed through a column 1.3 x 43 cm. Quantification of Rb-ions was performed using atomic emission spectroscopy at 780.023 nm on a Zeiss M4 Q 111 unit equipped with a PM QII detector. 
Model oilpaint surfaces
The corresponding pigments (Kremer, Aichstetten) are mixed with linseed oil until smooth. The resulting paint is applied to the meticulously cleansed glass plates and dried at 25C. When thoroughly hardened (3 7 days), the paint layer is varnished as described in section 2.1. The plates are stored for several years.
Alkali-ion PEG-400 crown ether
One gram of rubidium hydroxide is dissolved in l0 ml PEG-400 at 60 70C. Alkaline solutions of PEG gradually turn brown due to oxidation. They should consequently be stored under exclusion of oxygen. RbOH in PEG-400 is applicable in cases of thick layers of grime. However, the surface should be neither porous nor contain craquelures. The varnish dissolves with an orange-brown color and can be removed with cotton swabs. The solution should be agitated slightly to improve the cleansing action by using a polypropylene spatula. The thinning of varnish must be monitored continuously. For safety purposes, a thin varnish layer should be left covering the paint. If required, the alkaline cleansing solution may be neutralized rapidly by the addition of polyacrylic acid in PEG-400.
Should the picture surface be soiled with the salts of small cations, a pre-treatment with an acidic cation exchanger or polyacrylic acid in PEG-400 is required. The surface should then be cleansed with pure PEG-400. After varnish removal or thinning, the cleanser should be removed with dry cotton swabs. The surface should then be cleansed with PEG-400. A gel containing polyacrylic acid in PEG-400 should be applied and incubated for 5 min. to neutralize possible alkaline remnants. Once the polyacrylic acid gel is removed, the surface of the painting should be treated step by step with the following solutions: PEG-400 dodecanol 1: I, poly-(l,2-propanediol) 1000 and then PEG-4000. The solvent polarity will be reduced to the point at which the non-volatile Iolyethers can be removed completely in a final step by several treatments with isododecane (ShellsoI-T). The surface of the painting is then allowed to dry by iso-dodecane evaporation. The 86Rb stock solution (50 lal) was diluted with 500 lai of a mixture containing 1% triton X-100, 19% methanol and 80% water. An aliquot (200 tl) of this labelled solution was applied to a varnish plate and distributed evenly on a rectangular area of 50 cm using a fine-haired, plastic brush. When dry, possible 13-radiation at the varnish surface was determined using an automatic TLC-Linear Analyzer LB 2821, Berthold Technologies, Bad Wildbad, Germany. The apparatus allows measurements along a segment of the surface creating point-to-point radioactive emission profiles of the test plate.
The emission density of the calibration surface as determined by the detector was 900 + 100 cpm (counts per minute; measured: 4500 + 450 counts in 5 min.). The standard deviation of 10% results from a nonuniform distribution of the calibration solution. As with the 86Rb-PEG400 crown ether experiments 4C-polyacrylic acid was added to the polyacrylate neutralisation step and carbon-14 was monitored using the same experimental setup given in 2. Linseed oil consists primarily of various triglycerides containing linolenic (cis, cis, cis-9, 12, 15-octadecatrienic acid) and linoleic acid (cis, cis-9, 12-octadecadienic acid). Current reaction mechanism postulates that the drying of linseed oil begins with an autoxidation of the glyceride fatty acids within the oil. In addition polyunsaturated fatty acid residues are progressively oxidized leading to uncontrolled cross linking and carboxylic acid residues (Fig. 1) .
The end product is called linoxin and its structure remains unknown. In the presence of oxygen, the state of the oil molecule progresses from a liquid via semi-solid intermediates to a firm, elastic layer. This layer can store pigments, thus 'binding' them to the support. In an attempt to obtain some structural information the drying process of linseed oil was monitored by infrared spectrometry. The spectrum of dried linseed oil differs only slightly from that of fresh oil. The numbers of double bonds decrease in the course of drying. buffer at pH 7.7-8.4 into which hydroxypropylmethylcellulose was added to obtain a gel of high viscosity. Triton X-100 was added to improve the wetting of the surface. Prior to use, the lipase was suspended as component two in the gel and applied onto the oil varnish. The gel was allowed to react for 12 min. The vamished surface of a glass plate was divided into five separate tracks each of which was differently pre-treated (Fig.3) .
On tracks 4 a yellowish/brownish colour developed. The varnish layers became soft and gelatinous and increased considerably in volume. They were easily removed by cotton swabs. The cotton tipped plastic rods were gingerly hand rolled over the respective test track carefully avoiding any pressure on the tip. The varnish on track 5 (control gel) remained intact and could not be removed by a cotton swab.
Contrary to the assumptions on which the lipase formula is based, the same cleaning effect was observed when the lipase was omitted. Thus, the weakly alkaline Tris buffer must be assigned to be the actual reactive component responsible for the observed activity of the mixture (Fig. 3) . The Tris buffer base employed in the 'enzymic cleaning experiment' is known to be a powerful chelator of heavy metal ions. Pigments in contact with this buffer base can react to form complexes. Many of these compounds are exceedingly reactive and can substantially affect the painting even years after the initial treatment. When malachite oil paint (basic copper carbonate, green modification) is suspended in the Tris buffer solution used in the enzymic cleaning protocol, blue coloured Cu (Ii) -Tris complexes are formed (Fig.Sl) . In the presence of reducing systems aggressive oxygen species are detectable/13-17/which are known to break down many biopolymers.
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The Applied Bioinorganic Chenlistty Approach In a similar way, large complexes resembling crown ethers are formed when alkali metal hydroxides, alcoholates, etc. are dissolved in PEG-400 /21/, which encircles an alkali metal cation (Fig 5) . The ionic radius determines the resulting ring size. The most stable alkali ion crown ethers were obtained in the presence of potassium (K+) followed by Rb+, Cs+, Na and Li+/22/ (Fig 5) . The ring size of the macro cyclic metal complex is determined by the size of the alkali metal ion radius. This phenomenon is called template effect/22,23/.
The genuine formation of a Rb-PEG-400 complex was demonstrated by passing a mixture of RbOH and PEG-400 through a Bio-Gel P-2 column, it was clearly shown that the Rb-ions remained firmly bound in the polyethyleneglycol fractions. The stability of the in situ generated crown ether type complex was surprisingly high to survive such a long range gel filtration (Fig 6) . The major portion appears slightly shifted directly under the shoulder of the PEG-400 absorption at A20 nm. Absolutely no dissociated RbP-ions were detected in front or after the PEG-400 absorption band supporting the conclusion of a high stability.
Of special importance was the use of Rb as in a later stage the radioactive 86Rb ion was applied to study possible migration into the lower paint layers. Thus, this cleansing regime in the presence of Rb was documented in more detail (Fig.7) .
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Rb(1). 10 ml of a mixture of mol/! RbOH and a 28 fold excess of PEG-400 were passed through Bio-Gel P-2 column. No detectable dissociation of the RbOH-PEG-400 complex was seen supporting the conclusion of a high stability of this complex. This varnish most likely was of a polyester structure as its removal succeeded in a smooth manner. After 3-4 minutes the treatment was terminated by the removal of excessive RbOH PEG-400 employing dry cotton swabs. The cleansed surface was subsequently neutralized with polyacrylic acid PEG-400 and repeatedly washed with large M r solvents of decreasing polarity. In the end the de-varnished area was of exceptional quality (Fig 8) .
The in conclusion, a number of questions have been raised regarding the activity and safety of lipase mixtures used to remove oil varnishes. According to the evidence presented here we leave it to the conservator to decide whether or not polar aqueous media should be used for the removal of paint films. The small molecular weight water molecules have been fbund to swell both varnish and paint layers especially when weak alkaline buffers are carried into deeper regions where they can exert the reported activities leading to deteriorating oxidase-mimeting transition metal complexes. It should be emphasized that lipase is not reactive under the given conditions. All the observed reactivities are assigned to the Tris-buffer.
The challenge tbr both conservators and chemists remains. An alternative approach was the application of alkaline crown ether for the removal of aged varnishes.
Uwe HilJhich et ai. Mere mechanical wiping already leaves only a small amount of 86Rb (2.5 %) on the paint surface. By way of contrast, most of the alcohol-based cleanser evaporated on the varnish surface. Consequently, practically all of the applied rubidium remains on the surface leaving (94.5 %) of residual reactivity. Still some 42 % of 86Rb were measured on the surface after a water-based cleansing process.
Bioinorganic Chemistry and Applications

Application of alkali-crown ether for the removal of varnish; the applied bioinorganic chemistry approach
The alkali-crown ether induced removal of varnishes of polyester type is a promising new method in the conservation of cultural heritage. Nevertheless the application of this method should be performed with great care. Alkaline removal of varnish should, consequently, be restricted to aged, oil-based varnishes and oil paintings, in any case, preliminary tests must be conducted on an unobtrusive area to confirm applicability. Oil varnishes covering very thin layers of oil paint or paint varnishes should not be removed completely by this method. Varnish thinning should be preferred as the method of choice. Removal and/or thinning of later over paint based on linseed oil may be recommended. Of course, extended microscopic and electron micrographic controls wili be necessary. The result of the application of this new technique on genuine paintings was promising. However, long-time observations of this cleaning process are still necessary to find whether or not any hidden damage may emerge. The alkaline removal technique should also not be applied in cases of deep craquelures or when the paint layer is peeling off concomitantly uncovering the ground. Thus, alkaline solutions could creep under the surface attacking or separating the pigment containing ground.
